Morphometric is an essential tool for honey bee races discrimination and characterization. Such vital tool has been applied widely in honey bee researches. Unfortunately there is no available literature for confirming honey bee wings symmetry. Therefore, standard and geometric morphometric analyses were employed for investigating wings symmetry as well as for discriminating between Carniolan and Yemeni honey bees. Moreover, three angles of hind wings (H1, H2 and H3) were evaluated in the discrimination between the two races. Results of morphometric analyses strongly confirmed the symmetry of honey bee wings. Standard and geometric morphometric analyses successfully discriminate between the two races. Hind wing length and angle H3 could be incorporated in honey bee races discrimination.
Introduction
The common method for the characterization and classification of honey bee subspecies is based mainly on measuring honey bee wing characters, which were considered as strong tool (Rattanawannee et al., 2010) . Various honey bee colonies, races and species were discriminated by employing morphometric analysis (Moradi and Kandemir, 2004; Raina and Kimbu, 2005; Farhoud and Kence, 2005; Shaibi et al., 2009; Rattanawannee et al., 2010; Nedić et al., 2011) . Standard morphometric was used in honey bee studies by measuring different wing angles, indices and distances (Ruttner, 1988) while geometric morphometric was used in honey bee studies by measuring the coordinates of fore wing points to calculate the centroid size (s, Tofilski, 2008) . Not many studies were done on geometric morphometric of honey bees.
Concerning hind wings, only hind wing distances and number of hooks were used widely during morphometric studies ( Moradi and Kandemir, 2004 and Abou-Shaara et al., 2012) but no hind wing angles were incorporated in the morphometric analysis previously. Wing characters were found to be affected by different factors e.g. temperature (Tan et al., 2005) , season (Mattu and Verma, 1984) and bee age (Herbert et al.,1988) .
The right fore and hind wings were used by some authors during their morphometric analysis (Nazzi, 1992; Andere et al., 2008; Uzunov et al., 2009; Mladenović et al., 2011 and Abou-Shaara et al., 2012) while left wings were used by others (Bouga and Hatjina, 2005 and Tofilski, 2008) . Fluctuating asymmetry and directional asymmetry were studied by some authors (Smith et al., 1997 and Schneider et al., 2003) . Smith et al.(1997) found that honey bee drones were with higher directional asymmetry than females while Schneider et al. (2003) found higher fluctuation asymmetry of shape for European and hybrid workers than for African workers. The symmetry of left and right wings is the normal hypothesis as far there is no any malformations or abnormalities within wings. However, there are no available literatures that can confirm honey bee wings symmetry. Thus, standard and geometric morphometrics were employed in combination with various computer softwares for investigating wings symmetry and for discriminating between Carniolan and Yemeni honey bees. Moreover, three hind wing angles were measured and evaluated for the discrimination between the two races.
Materials and Methods
The study was done at the Bee Research Unit, King Saud University. Thirty right and left fore wings and hind wings for two honey bee races, Yemeni honey bees (Apis mellifera jementica) and Carniolan honey bees (Apis mellifera carnica), were used in this study (total of 120 fore wings and 120 hind wings for the two races). Samples of honey bee workers were collected from brood combs and subsequently killed at -20°C and dissected by using forceps to separate fore wings and hind wings. Separated wings were scanned by using HP scanner at 1200 dpi to obtain wing images then the following investigations were performed.
Symmetry of fore wings
Cubital index and discodial shift for left and right wings were measured by Beemorph program (http://www.hockerley.plus.com/). Inner wing length, inner wing width, distance C and distance D were measured by ScanPhoto method according to Abou-Shaara et al. (2011) by using Photoshop program. Fore wing angles (A1, A4, D7, J16, k19 and O26) were measured by ImageTool 3.0 program (http://compdent.uthscsa.edu/dig/itdesc.html). Analysis of Variance (ANOVA) was done for measured characters and means were compared by using Least Significant Difference (P<0.05), L.S.D. 0.05 , by SAS 9.1.3 program (SAS Institute, 2004) .
Coordinates of 18 points ( Figure 1 ) were determined by using ImageJ 1.46 program then MorphoJ program (Klingenberg, 2011) was used for geometric morphometric analysis. Point sets of right and left fore wings were compared by measuring centroid size, is the square root of squared distance sums of points set from their centroid, and matrix correlation. 
Symmetry of hind wings
Hind wing length and width were measured by using ScanPhoto method for right and left wings. Three hind wing angles; H1, H2 and H3 ( Figure 2) were measured by using ImageTool 3.0 program. These angles were used for confirming the symmetry of hind wings and for discriminating between the two races. ANOVA was performed for measured characters and means were compared by using L.S.D. 0.05. 
The discrimination between Carniolan and Yemeni honey bees
Standard morphometric was used for the discrimination between the two races by using four lengths and six angles of right fore wings as well as by using right hind wing characters. Forward stepwise with tolerance = 0.01, F-to-Enter: 1.000 and F-to-Remove: 0.900 was used to identify canonical discriminant functions by using SYSTAT 13 program. Also, ANOVA was performed and means of fore and hind wing were compared by using L.S.D. 0.05 to identify significant differences between the two races. Moreover, geometric morphometric of fore wing points was used for the discrimination between the two races based on their transformation grids and their centroid size.
Results and Discussion

1.Symmetry of fore wings
Mean of right wings for Yemeni honey bee was 2.54 ± 0.12 for cubital index and -2.25 ± 0.51 for discodial shift while for left wings mean was 2.45 ± 0.11 for cubital index and -2.14 ± 0.55 for discodial shift. No significant differences were found between cubital index and discodial shift means (L.S.D. 0.05 values were 0.3259 and 1.5118 for cubital index and discodial shift, respectively). For Carniolan honey bees, means of cubital index and discodial shift were 2.32 ± 0.05 and 2.71 ±0.38, for right fore wings, respectively and means for left wings were 2.34 ± 0.07 and 2.60 ± 0.39, respectively. No significant differences were found between cubital index and discodial shift (L.S.D. 0.05 values were 0.19 and 1.11 for cubital index and discodial shift, respectively). Also, no significant differences were found between studied sides in all measured lengths and angles (Table 1) . Centroid size for Carniolan honey bees was 0.0229 for right wings and 0.0233 for left wings and matrix correlation between matrix 1 for right wings and Matrix 2 for left wings was 0.77. On the other side, centroid size for Yemeni honey bees was 0.0233 for right wings and 0.0258 for left wings and matrix correlation between matrix 1 and matrix 2 was 0.83. 
Symmetry of hind wings
No significant differences were found for measured right and left hind wing characters for Yemeni and Carniolan honey bees (Table 2) . In general, standard morphometric analysis strongly confirmed the symmetry of honey bee wings where no significant differences were found between all measured characters for fore and hind wings. The most identical characters were inner wing length, inner wing width, distance C and distance D. Based on geometric morphometric, high degree of similarity was found between centroid size of left and right wings for Carniolan and Yemeni honey bees. Relatively high correlation values were found between point sets of right and left wings for the two races. Thus the symmetry of honey bee wings was confirmed by standard and geometric morphometric analyses. Some factors were reported to impact on the normal wing venation pattern including pupal rearing temperature (Tan et al., 2005), season (Mattu and Verma, 1984) and deformed wing virus (DWV). Apart from these factors, right and left wings are identical.
The discrimination between the two races
Standard morphometric analysis by using fore wing characters showed that inner wing length and width were the most successful characters in discriminating between the two races without overlapping (Figure 3 ). Significant differences were found between the two races in all measured fore wing characters except angle A1 and angle K19 (Table 3) . Concerning the discrimination between the two races by using hind wing characters, only hind wing length and angle H3 were used successfully for the discrimination between the two races without overlapping (Figure 4) . Significant difference was found between means of hind wing length while no significant differences were found between means of all other hind wing characters (Table 3) . Hind wing length Geometric morphometric analysis was used for the discrimination between the two races by using centroid size and transformation grid shape. Right and left fore wings of Yemeni honey bees had higher centroid size than Carniolan honey bees. Also, differences in transformation grids were found between fore wings of the two races ( Figure 5 ). The effectiveness of fore wing angles in separating between honey bee groups was identified by Nedić et al. (2011) during their work on collected honey bee samples from different locations of Serbia. The discrimination between the two races based on standard morphometric of fore wings showed that all measured morphological characters, including fore wing angles, were with significant differences between the two races except angle A1 and angle K19. Inner wing length and width were the most successful characters in discriminating between the two races accurately. The discrimination between the two races based on hind wing characters showed that no significant differences were found between character means except hind wing length. Canonical discriminant analysis showed that hind wing length and angle H3 were used correctly for discriminating between the two races. Thus, hind wing length and angle H3 could be incorporated in honey bee races discrimination.
Moreover, geometric morphometric was also succeeded in discriminating between the two races. In accordance with Tofilski (2008) , who classified successfully colonies of three honey bee races; A. m. mellifera, A. m. carnica and A. m . caucasica by using standard and geometric morphometric and correctly geometric morphometric identified African and European honey bees by about 99% (Francoy et al., 2008) as well as Asian honey bee species (Rattanawannee et al., 2010) . In general, standard and geometric morphometric analyses were used successfully in the discrimination between the two races.
Conclusion
Apart from the abnormal wing venations which occasionally occur within wings due to diseases or other factors, fore and hind wings of honey bees showed high symmetric degree based on standard and geometric morphometric and by employing various software programs. However, mixing right and left wings during the morphometric analysis is not recommended. The discrimination between the studied races was done successfully by standard and geometric morphometric analyses. Also, MorphoJ program can be used sufficiently for performing geometric morphometric analysis of honey bee wings as an integrated program. Finally, hind wing length and angle H3 could be incorporated in honey bee races discrimination.
